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SMALL MOLECULE INHIBITORS OF
INFLUENZA A RNA-DEPENDENT RNA
POLYMERASE

This application is a divisional of co-pending U.S. appli-
cation Ser. No. 13/622,807, filed Sep. 19, 2012, which claims
the benefit of priority to U.S. provisional application Ser. No.
61/536,691, filed Sep. 20, 2011. These applications are incor-
porated herein by reference in their entirety.

FIELD OF THE INVENTION

The field of the invention is antiviral compounds and com-
positions.

BACKGROUND

Influenza A virus is a member of the orthomyxoviridae
virus family of (-)-sense RNA viruses. The influenza A viral
genome is composed of 8 segments or chromosomes which
encode 11 proteins'. During infection, the virus-encoded
RNA-dependent RNA polymerase (RARP) converts the (-)-
stranded RNAs to (+) strand messenger RNAs and a set of full
length complementary genomic RNAs (or cRNAs) which
serve as templates for genomic replication. Viral proteins
expressed from the (+) strand messenger RNAs go about the
task of establishing infection and facilitating viral replication,
a process which ends in the amplification, assembly, and
release of virus particles containing the initial 8 (-) strand
chromosomes which repeat the infectious cycle.

The processes associated with the transcription and repli-
cation of the influenza A genome have been under investiga-
tion for decades. All eight chromosomes of every influenza A
strain (including HIN1 seasonal, HIN1 “swine”, H3N2, and
H5N1 “avian”) contain identical 5' and nearly identical 3'
untranslated regions (UTRs) flanking the protein-coding por-
tion of the sequence which otherwise encode distinct pro-
teins. Experimental results demonstrate that the UTRs are
recognized by RARP as a promoter element and both compo-
nents are critical for viral gene expression and replication.
Hence, the viral polymerase and its cognate UTR RNA ligand
are thought to control the viral life cycle and are critical
targets for therapeutic intervention.

Despite such relatively detailed knowledge of viral repli-
cation, currently existing and clinically approved anti-influ-
enza A therapeutic molecules are restricted to small mol-
ecules that inhibit one of two target classes of viral coat
proteins: Neuraminidase (NA) and Matrix 2 (M2). NA
belongs to abroad class of glycoside hydrolase enzymes (also
known as sialidases, as N- or O-linked neuraminic acids are
collectively called sialic acid) which cleave terminal sialic
acid residues off virions and host cell receptor proteins. Dur-
ing influenza A infection, NA activity is involved in viral
transit through mucus secretions of the respiratory tract as
well as for the biochemical separation/elution of secreted
viruses from the infected cells serving as sites of replication,
thereby enabling the infection of nearby healthy cells. Cur-
rently, oseltamivir (trade name Tamiflu®) and zanamivir
(trade name Relenza®) are two clinically approved medica-
tions for the treatment of influenza infection through inhibi-
tion of NA while laninamivir (Inavir) and peramivir are cur-
rently in the late stages of clinical trials as next-generation
influenza NA inhibitors.

Unlike NA, influenza M2 is produced by the alternative
splicing of the mRNA encoding the viral structural protein,
matrix (or M). In contrast to M which is one of the most highly
abundant viral proteins in infection and serves as a scaffold to
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which viral coat proteins and ribonucleoprotein particles
bind, M2 is present in minute amounts in virions and serves as
anion channel which enables viral uncoating and escape from
endosomal compartments into the cellular cytoplasm, a criti-
cal step in replication. Clinically approved inhibitors of M2
include amantadine (trade name Symmetrel®) and rimanta-
dine (trade name Flumadine®).

NA and M2 inhibitors serve as successful proof-of-concept
small molecule inhibitors of critical steps in the influenza
virus infection cycle. Despite their early successes, however,
use of both NA and M2 inhibitors has met recent challenges
in treating influenza infection through the emergence of viral
variants exhibiting drug resistance. For example, evidence of
viral resistance to Tamiflu has been documented in numerous
clinically relevant influenza A isolates including the 2009
pandemic®, H3N26, H5N17, and seasonal HIN1® where resis-
tance existed in 99.6% of circulating isolates in 2008.
Although influenza A resistance to zanamivir has yet to be
reported, the report of an influenza B viral isolate resistant to
this agent® may indicate the possibility of future more preva-
lent resistance to this drug upon broad usage to treat influenza
infections although the resistant virus described in this study
had acquired an additional compensatory mutation in the HA
protein which should reduce this possibility significantly.
With regards to the M2 inhibitors, the Centers for Disease
Control and Prevention indicated that nearly all circulating
H3N2 and pandemic HIN1 virus isolates during the fall of
2009 were resistant to amantadines'®.

Unfortunately, surveillance efforts have also identified the
recent emergence of dual oseltamivir/adamantane resistant
isolates'! indicating the need for the discovery and utilization
of'additional small molecule inhibitors targeting other critical
viral targets. Thus, there is still a need to provide new and/or
improved antiviral drugs that interfere with viral replication,
and especially RNA-virus replication.

SUMMARY OF THE INVENTION

The inventors have discovered various compositions and
methods that interfere with the infectious life cycle of influ-
enza A, and most likely with viral replication. Moreover, the
inventors have also discovered components and methods for
acellular assay to identify small molecule compounds having
antiviral properties. In especially preferred aspects, the assay
allows for detection of influenza A RNA-dependent RNA
polymerase activity in amammalian cell independent of other
influenza A components, and allows for identification of
inhibitors of viral replication that do not disrupt normal cel-
lular activity.

In another aspect of the inventive subject matter, selected
compounds are provided with antiviral properties. Particu-
larly preferred compounds (A0435) were evaluated in an in
vitro viral propagation system utilizing three different influ-
enza A strains representing two different serotypes of virus
and found to inhibit all three viruses at low UM concentrations
and to prevent host cells from displaying virus-induced cyto-
pathic effects (CPE). Consistent with these results, certain
compounds, and especially A0435, also demonstrated antivi-
ral activity in a live infection mammalian model of influenza
A.

Various objects, features, aspects and advantages of the
present invention will become more apparent from the fol-
lowing detailed description of preferred embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic of an Influenza A reporter assay
construct.

FIG. 2 is a graph indicating requirements of components in
a luciferase assay.
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FIG. 3 is a graph depicting exemplary results for enhance-
ment of expression in a luciferase assay.

FIG. 4A is a schematic of raw data from a high-throughput
screen demonstrating specific inhibition of the reporter sys-
tem by an exemplary compound, FIG. 4B depicts the struc-
ture of the exemplary compound, and FIG. 4C is a graph
illustrating dose response of the reporter system to the exem-
plary compound.

FIG. 5A depicts the structure of another exemplary com-
pound, and FIG. 5B is a graph illustrating dose response of the
reporter system to the exemplary compound of FIG. SA.

FIG. 6A is a photograph of a hemagglutination assay using
an exemplary compound, and FIG. 6B is a photograph illus-
trating the dose response for the exemplary compound in the
same assay.

FIGS. 7A and 7B are photographs illustrating inhibition of
viral propagation in selected cells using an exemplary com-
pound.

FIG. 8 A-8C are photographs illustrating inhibition of cyto-
pathic effects in selected cells by an exemplary compound.

FIGS. 9A and 9B are graphs illustrating cytotoxic activity
in selected cells using an exemplary compound.

FIG. 10 is a graph illustrating increase in survival follow-
ing live infection using an exemplary compound.

DETAILED DESCRIPTION

Based on a newly developed ultra-sensitive cell based
assay utilizing an RdRP-based reporter system, several com-
pounds were discovered (e.g., A0435 and A0439) with sig-
nificant anti-viral activity against an apparently conserved
viral target (most likely the viral replication and/or gene
expression machinery).

To enable high-throughput identification of novel small
molecule inhibitors of RARP activity using a cell-based assay
system, the inventors generated a panel of constructs encod-
ing the influenza RARP subunit proteins (PB2, PB1, and PA
and the accessory NP protein) and a reporter RNA for expres-
sion in mammalian cells, and a typical assay system is sche-
matically described in FIG. 1. The construct encoding the
reporter RNA was designed to utilize a mouse RNA poly-
merase | promoter expression cassette to drive the transcrip-
tion of an anti-sense RNA encoding firefly luciferase flanked
by appropriate viral RNA domains. Transfection of these
constructs into mouse B16-F10 cells demonstrates a robust
signal in cells transfected with all five plasmids (e.g., encod-
ing PA, PB1, PB2, NP, and the RNA polymerase I-driven
luciferase RNA construct), but no detectable expression when
any of these constituents were removed or in the presence of
reporter RNA devoid of UTR-based promoter elements as
illustrated in FIG. 2. A similar approach using a human
expression cassette and a different viral serotype has been
previously reported?.

In a particularly preferred modification, a sixth construct
was simultaneously included driving the expression of the
viral non-structural 1 (NS1) protein. NS1 and NS2 are alter-
nate mRNA splice isoforms encoded by segment 8 of the
influenza A virus. NS1 performs a wide variety of functions
during viral infection including regulation of viral RNA syn-
thesis and enhancing viral protein translation® while NS2 is
critical for viral RNA export from the host cell nucleus®. The
inventors found that expression of NS1 resulted in an ampli-
fication of signal strength by approximately tenfold without
altering the background “noise” of the system (FIG. 3) in a
kinetic study. The inventors also found that the preferred
window of time for the addition of potential inhibitors resides
within the first 6 hours following removal of transfection
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DNA/liposome complexes (or “lipoplexes™) prior to the
appearance of detectable reporter activity. Exemplary data
illustrating the increase in sensitivity

Of course, it should be appreciated that the inventive sub-
ject matter need not be limited to the specific components as
shown in the Figures and description below, but may include
one or more modified nucleic acids. For example, the RARP
subunit proteins may be from a different virus, and/or may be
mutated to reflect drug resistant mutant strains or to confer
various further advantages. Similarly, the reported gene need
not be limited to luciferase, but may be any other reported
gene or system. Thus, the signal may be generated as an
optical signal (luminescence, fluorescence, quenching, etc.),
as a chemically identifiable signal (e.g., via protease action or
antigen production), and/or as a biological signal (e.g., cell
death, or phenotypic change). Similarly, the nucleic acids
may be at least partially integrated into a single nucleic acid
for transfection, or cells may be transiently or permanently
transfected (as a cell line or transgene) to express the RARP
subunit proteins.

Regardless of the particular configuration, it should be
appreciated that using such assay system as a biological
screen, large and diverse chemical libraries can be readily
interrogated. As a simultaneous counter screen, the inventors
evaluated the same screened samples in a separate reporter
system utilizing a cell death-activated reporter construct to
distinguish between compounds that specifically inhibit viral
RARP and those that non-specifically inhibit mammalian
gene transcription and/or alternatively activate acommon cell
death pathway in human cells where either result could be
indicative of undesirable downstream toxicity.

Using these assays and search criteria, the inventors iden-
tified, inter alia, small molecule A0435 (see FIG. 44,b). Dose
titration studies of A0435 on the assay system demonstrated a
50% inhibitory concentration (IC50) of approximately 3 uM
and there was no visible inhibitory impact on the level of
constitutive gene expression provided by the counter-screen
assay (see FIG. 4¢). A second, structurally similar compound,
A0439, was also tested in the reporter assay and found to
show similar inhibition of the reporter system, albeit with an
IC50 approximating 5 uM (see FIG. 54,b) and increased
toxicity at higher doses due to precipitation.

Of course, it should be appreciated that numerous other
compounds having a scaffold that includes a pyrazolopyrimi-
dine (or similar structure as shown in Table 1 below) are also
deemed suitable, wherein such scaffolds will include various
substituents as illustrated below. Most preferably, and with
particular respect to compounds A0435 and A439, it is con-
templated that the pyrazolopyrimidine core (or alternative
scatfold) will include an alkoxyaryl or dialkoxyaryl moiety,
which may be further optionally substituted. In such com-
pounds, at least one oxygen atom may also be replaced with
a primary, secondary, or tertiary amine, or with a sulfur or
selenium atom. Most typically, the aryl is a phenyl or a het-
eroaryl (preferably with a nitrogen heteroatom). Likewise,
the ethylpyridine moiety may be replaced by any alkylhet-
eroaryl or alkylaryl, and one or both of the alkyl moieties at
the pyrazolopyrimidine core may be replaced by a substituted
alkyl, a heteroaryl, or that the two alkyl groups may form a
ring. Remarkably, however, several positions at the scaffold
could not be modified without concomitant loss or significant
reduction in inhibitory action and/or increase in toxicity as is
readily evident from the compounds listed in Table 1.
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Comp. Structure TUPAC Name 1C50
A0436 N 6-ethyl-2-(4-fluorophenyl)-5-  >10 uM (toxic
= = methyl-N-(2-(pyridin-2- to both
/ ylethyl)pyrazolo[1,5- antiviral and
N N a]pyrimidin-7-amine counterscreen
N
at 50 uM)
HN
/
N A
A0437 N N-(2-(pyridin-2-yl)ethyl)-2- >50 uM (no
=z = p-tolyl-6,7-dihydro-5H- observed
/ cyclopenta[d]pyrazolo[1,5- toxicity or
N N a]pyrimidin-8-amine efficacy in
N .
either assay
tested)
HN.
/
N \

A0438 N-(3.4- >10 uM (toxic
dimethoxyphenethyl)-2-(3,4-  to both
dimethoxyphenyl)-6-ethyl-5-  antiviral and

N methylpyrazolo[1,5- counterscreen
= = a]pyrimidin-7-amine at 50 uM)
N N N

HN
A0

A0440 2-(3,4-dimethoxyphenyl)-6- >50 uM (no
ethyl-N-(4-fluorophenethyl)-  observed
5-methylpyrazolo[1,5- toxicity or

N a]pyrimidin-7-amine efficacy in
Z = either assay

/ tested)
N N N
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-continued
Comp. Structure TUPAC Name IC50
A0441 N 2-(4-fluorophenyl)-N-(2- >10 uM (toxic
Z = (pyridin-2-yljethyl)-5.6,7,8-  to both
/ F  tetrahydropyrazolo[5,1- antiviral and
N Neo b]quinazolin-9-amine counterscreen
at 50 uM)
HN.
/ |
N A
A0442 N 2-(4-chlorophenyl)-N-(2- >10 uM (toxic
= = (pyridin-2-ylethyl)-5,6,7,8-  to both
/ Cl  tetrahydropyrazolo[5,1- antiviral and
N N b]quinazolin-9-amine counterscreen
at 50 uM)
HN
7 |
N A
A0443 \ 2-(3,4-dimethoxyphenyl)- >50 uM (no
o 5,6-dimethyl-7-(pyrrolidin-1-  observed
ylpyrazolo[1,5-a]pyrimidine  toxicity or
N efficacy in
= = either assay
/ (0] tested)
Ny \
@
A0444 \ 2-(3,4-dimethoxyphenyl)-N- ~ >10 uM (toxic
0 (2-(pyridin-3-yl)ethyl)-6,7- to both
dihydro-5H- antiviral and
cyclopenta[d]pyrazolo[1,5- counterscreen
= = a]pyrimidin-8-amine at 50 uM)
/ o}
L \
HN
= |
x
N
A0445 6-ethyl-5-methyl-2-(5- >50 uM (no
methylisoxazol-3-yl)-N-(2- observed
(pyridin-2- toxicity or
ylethyl)pyrazolo[1,5- efficacy in
a]pyrimidin-7-amine either assay
tested)
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-continued
Comp. Structure TUPAC Name 1C50
A0525 \ 2-(3,5-dimethoxyphenyl)-53-  >30 uM (no
0 methyl-N-(2- observed
N phenylpropyl)pyrazolo[1,5- toxicity or
a]pyrimidin-7-amine efficacy in
= = either assay
/ tested)
N N N
O

N-(2,5-dimethoxybenzyl)-2-  >50 uM (no
(3,4-dimethoxyphenyl)-6- observed
ethyl-5-methylpyrazolo[1,5-  toxicity or

A0526 \

N a]pyrimidin-7-amine efficacy in
= = either assay
Y 0] tested)
N~y \
HN
O
o
A0527 \ 2-(3,5-dimethoxyphenyl)-6-  >50 uM (no
0 ethyl-5-methyl-N- observed
phenethylpyrazolo[1,5- toxicity or
N a]pyrimidin-7-amine efficacy in
/ .
= either assay
/ tested)
N N N
HN /O
A0528 \ 2-(3,4-dimethoxyphenyl)-N-  >50 uM (no
0 (2-methylbenzyl)-5- observed
phenylpyrazolo[1,5- toxicity or
N a]pyrimidin-7-amine efficacy in
Z = o either assay
/ tested)
N~y \
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-continued
Comp. Structure TUPAC Name 1C50
A0529 N N-(2-fluorobenzyl)-2-(4- >50 uM (no
= = methoxyphenyl)-5,6,7,8- observed
/ 0] tetrahydropyrazolo[5,1- toxicity or
-~ uinazolin-9-amine efficacy in
N N N blqui lin-9-ami fficacy i
either assay
tested)
HN
F.
A0530 N N-(benzo[d][1,3]dioxol-5- >50 uM (no
“ = ylmethyl)-2-(4- observed
/ (0] methoxyphenyl)-5- toxicity or
N N N \ methylpyrazolo[1,5- efficacy in
a]pyrimidin-7-amine either assay
tested)
HN
O
o
A0531 F 2-(2-(3-fluorophenyl)-5- >50 uM (no
N methylpyrazolo[1,5- observed
=z e aJpyrimidin-7-ylamino)-1- toxicity or
/ phenylpropane-1,3-diol efficacy in
either assay
x N— N tested)
HN
OH
HO
A0532 F 3-(2-(2-(3-fluorophenyl)-5- >50 uM (no
N methylpyrazolo[1,5- observed
a = a]pyrimidin-7-ylamino)-1- toxicity or
/ hydroxyethyl)phenol efficacy in
either assay
o~ N tested)
HN
HO

OH

12
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-continued
Comp. Structure TUPAC Name IC50
A0547 N N-(2-methoxybenzyl)-2-(4- >50 uM (no
Z = methoxyphenyl)pyrazolo observed
/ (6] [1,5-a]pyrimidin-7-amine toxicity or
N N N \ emcacy in
either assay
tested)
HN
O
~
A0548 N N-benzyl-2-(4- >50 uM (no
Z = methoxyphenyl)-5- observed
/ Q methylpyrazolo[1,5- toxicity or
N N N \ a]pyrimidin-7-amine emcacy in
either assay
tested)
HN
A0549 \ 3-(3,4-dimethoxyphenyl)- >50 uM (no
(6] 2,5-dimethyl-N-(2- observed
phenylpropyl)pyrazolo[1,5- toxicity or
a]pyrimidin-7-amine efficacy in
O either assay
\ tested)
N
=z =
AN Ne N
HN
A0550 \ 2-(3-(3,4-dimethoxyphenyl)-  >50 uM (no
O 2,5-dimethylpyrazolo[1,5- observed
a]pyrimidin-7-y1)-1,2,3,4- toxicity or
tetrahydroisoquinoline efficacy in
O either assay
\ tested)
N
/ =
N N N
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-continued
Comp. Structure TUPAC Name 1C50
A0551 \ 7-(benzo[d][1,3]dioxol-5- >50 uM (no
o] 0 ylmethylthio)-2-(3,4- observed
dimethoxyphenyl)pyrazolo toxicity or
[1,5-d][1,2 A]triazin-4(5H)- efficacy in
HI|\I = one either assay
/ o] tested)
NY N N \
S
A0552 2-(4-ethoxyphenyl)-4-(3- >50 uM (no
o methylbenzylthio)pyrazolo observed
[1,5-a]pyrazine toxicity or
\/ efficacy in
either assay
tested)
A0553 7-(2-chlorobenzylthio)-2- >50 uM (no
(3,4-dimethoxypheny!) observed
pyrazolo[1,5-d][1,2 4]triazin-  toxicity or
4(5H)-one efficacy in
either assay
Q tested)

Cl

For example, suitable alternative compounds will have a
structure according to Formula I

50
Formula I
X—RI1
R3 N
Z
| Y—R2 55
N
R Ny N
HN
SRs
| 60
Q

wherein X andY are independently O, S, or NR, wherein R,
R1, R2, R3, R4, and RS are independently H, optionally
substituted lower alkyl, optionally substituted lower alkenyl,
or NR1R2, OH, or halogen; and wherein Q is optionally
substituted aryl or optionally substituted heteroaryl. More

65

preferably, X andY in contemplated compounds are oxygen,
and/or R1 and R2 are independently ethyl, methyl, or trifluo-
romethyl. It is further generally preferred that R3 and R4 are
independently lower alkyl, and especially methyl and ethyl,
respectively. In still further preferred aspects, RS is lower
alkyl (and especially ethyl), and/or Q is optionally substituted
phenyl, or optionally substituted pyridinyl. Particularly pre-
ferred compounds include A0435 and A0439 as shown fur-
ther below.

To further evaluate the antiviral potential of A0435 and
A0439 in vitro, MDCK cells were pre-incubated with indi-
cated concentrations of compound for 1 hour prior to the
addition of live, MDCK-adapted influenza A/Puerto Rico/8/
34 (H1N1) virus. After an 18-20 hour incubation, superna-
tants were collected and evaluated for the presence of viral
hemagglutinin activity indicative of successtul viral replica-
tion using a chicken red blood cell hemagglutination assay. In
this type of assay, hemagluttinin activity results in the
absence of a characteristic red “button” formed by precipi-
tated red blood cells on the bottom of U-shaped wells. Inter-



US 9,422,291 B2

17

estingly, A0435 demonstrated significant antiviral activity at
concentrations >4 pM while A0439 demonstrated similar
activity at >7.5 uM in accordance with the values observed in
the transfection inhibition experiments discussed above as
can be seen from FIG. 6 a,b. To determine if the observed
antiviral activity of A0435 extended to other viral isolates/
serotypes, similar in vitro infection experiments were per-
formed using the influenza A/WS/1933 (HIN1) and the
H3N2 serotype A/Aichi/2/68 viruses which were also signifi-
cantly inhibited by A0435 and the results are shown in FIG.
7 a,b). Of equal importance to drug development, cells
infected with live virus demonstrated little to no signs of the
cytopathic effects characteristic of influenza A infection as is
evident from FIG. 8 a,b,c. Consistent with these results, the
inventors found that A0435 is well-tolerated in traditional
cellular models of toxicity such as those provided by liver-
derived HepG2 cells and primary renal proximal tubule epi-
thelial cells (or RPTEC) over a broad range of concentrations
as can be taken from FIG. 9 q,b.

Encouraged by these results, the inventors initiated studies
to gauge the antiviral efficacy of A0435 in combating live
infection in animals infected with twice the lethal dose 50%
(2xL.D50) of influenza A/Puerto Rico/8/34. As demonstrated
in FIG. 10, 3/5 animals survived infection at day 7 post-
infection in the 3.17 mg/kg dosage group, 2/5 animals sur-
vived at the 1 mg/kg dose, and 0/5 animals survived when
injected with vehicle only (1xPBS, 3% W/V mouse serum
albumin).

Consequently, contemplated compounds include all those
that can be identified in an inhibition assay as exemplarily
shown in FIG. 1. Most preferably, such compounds will have
an [C50 of'equal or less than 10 uM, even more preferably of
equal or less than 1 pM, and most preferably of equal or less
than 100 nM, and will have no apparent toxicity at the IC50 as
measured above. Thus, a method of identifying contemplated
compounds will include a step in which the assay system of
FIG. 1 is employed to screen a compound library for inhibi-
tory compounds. Once candidate compounds (typically hav-
ing IC50 of equal or less than 10 pM) are identified, such
compounds can be further modified to ascertain SAR and to
produce compounds with higher potency, reduced toxicity,
and/or increased bioavailability.

Furthermore it should be noted that the compounds con-
templated herein may be prepared as prodrugs. The term
“prodrug” as used herein refers to a modification of contem-
plated compounds, wherein the modified compound exhibits
less pharmacological activity (as compared to the modified
compound) and wherein the modified compound is converted
within a target cell (e.g., B-cell) or target organ/anatomic
structure (e.g., joint) back into the modified form. For
example, conversion of contemplated compounds into pro-
drugs may be useful where the active drug is too toxic for safe
systemic administration, or where the contemplated com-
pound is poorly absorbed by the digestive tract or other com-
partment or cell, or where the body breaks down the contem-
plated compound before reaching its target. Thus, it should be
recognized that the compounds according to the inventive
subject matter can be modified in numerous manners, and
especially preferred modifications include those that improve
one or more pharmacokinetic and/or pharmacodynamic
parameter. For example, one or more substituents may be
added or replaced to achieve a higher AUC in serum.

On the other hand, and especially where increased solubil-
ity is desired, hydrophilic groups may be added. Still further,
where contemplated compounds contain one or more bonds
that can be hydrolyzed (or otherwise cleaved), reaction prod-
ucts are also expressly contemplated. Exemplary suitable
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protocols for conversion of contemplated compounds into the
corresponding prodrug form can be found in “Prodrugs
(Drugs and the Pharmaceutical Sciences: a Series of Text-
books and Monographs)” by Kenneth B. Sloan (ISBN:
0824786297), and “Hydrolysis in Drug and Prodrug Metabo-
lism: Chemistry, Biochemistry, and Enzymology” by Ber-
nard Testa, Joachim M. Mayer (ISBN: 390639025X), both of
which are incorporated by reference herein. Moreover, espe-
cially where contemplated compounds have a higher activity
when the compound is metabolized (e.g., hydrolyzed,
hydroxylated, glucuronidated, etc.), it should be appreciated
that metabolites of contemplated compounds are also
expressly contemplated herein.

Additionally, it is contemplated that contemplated com-
pounds may be combined (in vivo or in a pharmaceutical
formulation or administration regimen) with at least one other
pharmaceutically active ingredient, and especially contem-
plated other ingredients include various antiviral drugs, vari-
ous immunomodulatory drugs, and/or anti-inflammatory
drugs (e.g., steroids and NSAIDS), etc. Concentrations of
second pharmaceutically active ingredients are typically at or
preferably below those recommended for stand-alone admin-
istration, however, higher concentrations are also deemed
suitable for use herein.

Therefore, contemplated pharmaceutical compositions
will especially include those in which contemplated com-
pounds (and additional pharmaceutically active ingredients)
are provided with a suitable carrier, wherein contemplated
compounds are preferably present at a concentration effective
to reduce viral propagation in an organism and/or target organ
to a degree effective to reduce and more preferably to treat
signs and symptoms of a disease associated with the viral
infection. Viewed from a different perspective, contemplated
compounds are present in a composition in an amount effec-
tive to treat a viral infection, and especially a viral infection
with an RNA virus (and particularly influenza virus).

For example, virus infections suitable for treatment with
contemplated compounds (and especially A0435/A0439) are
those produced by infection with an RNA virus (and espe-
cially a negative stranded RNA virus), and particularly those
viruses bearing the closest resemblance to influenza A. Thus,
contemplated viruses include influenza B (which has been
confirmed by the inventors as being inhibitable by A0435),
and influenza virus C. Phylogenetically related additional
viruses suitable for treatment with contemplated compounds
include mononegavirales family which includes paramyx-
oviridae [including Newecastle disease virus; Hendra virus;
Nipah virus; rinderpest virus; measles virus; Sendai virus;
bovine parainfluenza virus 3; human parainfluenza viruses 1
and 3; mumps virus; parainfluenza viruses 2, 4a, and 4b;
metapneumovirus; respiratory syncytial virus], rhabdoviri-
dae [including the mammalian infective vesicular stomatitis
virus and rabies virus; the plant infective Strawberry crinkle
cytorhabdovirus, lettuce necrotic yellows virus, Cynodon
chlorotic streak virus, Maize mosaic virus, Northern cereal
mosaic virus, Orchid fleck virus, Rice yellow stunt virus,
Sonchus yellows net virus, and Taro vein chlorosis virus; the
fish infective Hirame rhabdovirus, infectious hematopoietic
necrosis virus, viral hemorrhagic septicemia virus, and
Snakehead virus as well as bovine ephemeral fever virus and
Adelaide River virus]; the filoviridae [including the hemor-
rhagic ebolavirus and Marburg viruses| and bornavirus.
While the inventors do not have actual data in support of these
viruses, it should be noted that an RSV-based expression
system can be used to determine suitability of these viruses,
and that such system can be prepared by the PHOSITA with-
out undue experimentation.



US 9,422,291 B2

19

Depending on the particular use and structure, it is there-
fore contemplated that the compounds according to the inven-
tive subject matter are present in the composition in an
amount between 1 microgram to 1000 milligram, more typi-
cally between 10 microgram to 500 milligram, and most
typically between 50 microgram to 500 milligram per single
dosage unit. Thus, preferred concentrations of contemplated
compounds in vivo or in vitro will generally be between 0.1
nM and 500 microM, more typically between 50 nM and 400
microM, and most typically between 100 nM and 200
microM.

Furthermore, it should be recognized that all formulations
are deemed suitable for use herein and especially include oral
and parenteral formulations. For example, for oral adminis-
tration, contemplated compositions may be in the form of a
tablet, capsule, suspension, or liquid. The pharmaceutical
composition is preferably made in the form of a dosage unit
containing a particular amount of the active ingredient.
Examples of such dosage units are tablets or capsules. The
active ingredient may also be administered by injection as a
composition wherein, for example, saline, dextrose or water
may be used as a suitable carrier. In especially preferred
aspects, it is contemplated that the formulation is suitable for
topical administration, administration via aerosol, and for
intrathecal administration. Consequently, especially suitable
formulations may be sterile aqueous solutions for topical
spray or drop administration, or application as a tincture.
Alternatively, suitable topical formulations include creams,
ointments, foams, lotions, emulsions, etc. Furthermore,
where the compound is formulated for intrathecal adminis-
tration (e.g., in the treatment of spinal cord injury), it is
preferred that the compound is prepared as an injectable
solution, suspension, or emulsion. In still further contem-
plated formulations, contemplated compounds may be for-
mulated for acrosol delivery (e.g., micropowderized, coated
onto a dispersible carrier, dissolved in atomizable solvent,
etc.)

It should be appreciated that the choice of the particular
formulation and carrier will at least in part depend on the
specific use and type of compound. There are numerous man-
ners of drug formulation known in the art, and all of those are
deemed suitable for use herein (see e.g., Pharmaceutical Pre-
formulation and Formulation: A Practical Guide from Can-
didate Drug Selection to Commercial Dosage Form by Mark
Gibson; Informa HealthCare, ISBN: 1574911201; or
Advanced Drug Formulation Design to Optimize Therapeutic
Outcomes by Robert O. Williams, David R. Taft, and Jason T.
McConville; Informa HealthCare; ISBN: 1420043870).

The amount of therapeutically active compound that is
administered and the dosage regimen for treating a disease
condition with the compounds and/or compositions of this
invention depends on a variety of factors, including the age,
weight, sex and medical condition of the subject, the severity
of'the disease, the route and frequency of administration, and
the particular compound employed, and thus may vary
widely. However, especially suitable quantities are provided
above, and may therefore allow for a daily dose of about 0.001
(or even less) to 100 mg/kg body weight, preferably between
about 0.01 and about 50 mg/kg body weight and most pref-
erably from about 0.1 to 20 mg/kg body weight. Typically, a
daily dose can be administered in one to four doses per day.

For therapeutic or prophylactic purposes, contemplated
compounds are ordinarily combined with one or more excipi-
ents appropriate to the indicated route of administration. If
administered per os, the compounds may be admixed with
lactose, sucrose, starch powder, cellulose esters of alkanoic
acids, cellulose alkyl esters, talc, stearic acid, magnesium
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stearate, magnesium oxide, sodium and calcium salts of phos-
phoric and sulfuric acids, gelatin, acacia gum, sodium algi-
nate, polyvinylpyrrolidone, and/or polyvinyl alcohol, and
then tableted or encapsulated for convenient administration.
Such capsules or tablets may contain a controlled-release
formulation as may be provided in a dispersion of active
compound in hydroxypropyl-methyl cellulose. Formulations
for parenteral administration may be in the form ofaqueous or
non-aqueous isotonic sterile injection solutions or suspen-
sions. These solutions and suspensions may be prepared from
sterile powders or granules having one or more of the carriers
or diluents mentioned for use in the formulations for oral
administration. The compounds may be dissolved in water,
polyethylene glycol, propylene glycol, ethanol, corn oil, cot-
tonseed oil, peanut oil, sesame oil, benzyl alcohol, sodium
chloride, and/or various bufters. Other excipients and modes
of' administration are well and widely known in the pharma-
ceutical art.

Materials and Methods:

Cell-Based Reporter Assays: To identify inhibitors of
RdRP, the inventors engineered a mouse cell-based assay
system based on the biology of the virus. To create this sys-
tem, the viral genes encoding PA, PB1, PB2, NP, and NS1
were amplified by reverse transcriptase-polymerase chain
reaction (or RT-PCR) of a influenza A/Puerto Rico/8/34 viral
c¢DNA template using gene-specific oligonucleotides. Result-
ing PCR products were subsequently cloned into a mamma-
lian expression vector (pVAX) utilizing an RNA polymerase
II expression cassette and the sequences of the inserts were
verified by DNA sequencing. To generate the RNA poly-
merase [-dependent expression cassette, an RNA polymerase
1 promoter sequence derived from the 255 bp sequence
upstream of the mouse 45S rRNA transcription start site was
linked to a multiple cloning site followed by a 33 bp RNA
polymerase I termination sequence was generated by PCR
using overlapping oligonucleotides and cloned into pBlue-
script in a similar manner to published reports'. This con-
struct, called pPoll, was then digested within the multiple
cloning site and directionally ligated to a S'UTR/luciferase/
3'UTR hence generating pPoll-Luc. The pPoll-Luc-DelUTR
(i.e. with deleted UTRs) and pPoll-GFP (which possesses
UTRs but encodes the green fluorescence protein instead of
luciferase) constructs were generated in an analogous fash-
ion.

Transfections were performed using mouse B16-F10
melanoma cells and a commercially available transfection
reagent per the manufacturer’s suggestions to confirm the
system’s activity. Briefly, 2 ug of plasmid (e.g. 400 ng of each
of constructs encoding PA, PB1, PB2, NP, and pPoll-Luc)
were complexed with 15 pl. of reagent prior to addition to
logarithmically dividing melanoma cells. Transfection com-
plexes were removed after four hours and unless otherwise
noted, luciferase activity was assayed 20 hours post-transfec-
tion. Experiments involving NS1 were performed in an analo-
gous manner wherein the total amount of plasmid DNA
remained fixed at 2 pug but only 333 ng of each plasmid was
used due to the need for six plasmids.

Viruses and In Vitro Viral Propagation: Influenza A/Puerto
Rico/8/34(HIN1), A/WSN/1933(HIN1), and A/Aichi/2/68
(H3N2) were propagated in canine MDCK cells. On the day
preceding infection, MDCK cells were plated in Dulbecco’s
modified eagle media (D-MEM) supplemented with 10%
V/V fetal calf serum and incubated at 37 C at 5% CO2 at
densities that would result in 70-90% confluency on the fol-
lowing day. On the day of infection, cells are washed 3 times
using complete DMEM/7.5% BSA/25 mM HEPES/(2
ug/ml) TPCK-trypsin prior to receiving virus dilutions.
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A0435 Inhibition Studies: For studies involving the B16-
F10 transfection system, cells were allowed to recover for 5
hours following the removal of DNA/lipid complexes prior to
the addition of indicated amounts of A0435. Luciferase
expression was determined 14 hours later. For studies involv-
ing inhibition of viral proliferation, cells received indicated
amounts of A0435 thirty minutes prior to the addition of virus
preparations which were allowed to infect for 2 hours prior to
being removed and the recipient cells washed of non-bound
virus and the media replaced with corresponding amounts of
A0435.

Hemagglutination Assays: Hemagglutination assays were
performed as follows. Briefly, 18-20 hours after initial infec-
tion, supernatants were incubated with 0.50% chicken red
blood cells at a 1:1 ratio (V/V) unless otherwise noted in
U-bottom wells and reactions were monitored photographi-
cally.

In Vivo Survival Studies: Groups of 5 Balb/C mice (age/
gender) were weighed prior to the start of study and injected
intravenously at the base of the tail with formulations con-
taining A0435 at doses of 3.17, 1, or 0 mg/kg in phosphate
buffered saline containing 3% w/v mouse serum albumin.
Fourhours later, these mice were challenged intranasally with
2xL.D50 of influenza A/Puerto Rico/8/34 under anesthesia.
Identical doses of A0435 were administered 24 and 48 hours
after the initial dose administration and animal weights were
monitored daily. Surviving animals were defined as those
who maintained 70% or more of their starting weight.
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Thus, specific embodiments and applications of small mol-
ecule inhibitors of influenza A RNA-dependent RNA poly-
merase have been disclosed. It should be apparent, however,
to those skilled in the art that many more modifications
besides those already described are possible without depart-
ing from the inventive concepts herein. The inventive subject
matter, therefore, is not to be restricted except in the spirit of
the appended claims.

What is claimed is:

1. A pharmaceutical composition comprising:

a compound according to Formula I in combination with a
pharmaceutically acceptable carrier

Formula I
Ry
R3; X
=z —
/ e
Y N X ¥
HN\

wherein R, and R, are independently H, halogen or alkoxy

group;

wherein R; and R, are independently H, lower alkyl, or

form together a 5- or 6-membered cycloalkyl ring;
wherein R is H, alkyl, aryl, or heteroaryl, and wherein R
is connected to —NH— by a lower aliphatic fragment;

wherein the alkyl, the aryl, and the heteroaryl are indepen-
dently optionally substituted with halogen, alkyl,
alkoxy, or hydroxy; and

wherein X is N.

2. The pharmaceutical composition of claim 1 wherein R,
is For Cl.

3. The pharmaceutical composition of claim 1 or claim 2
wherein R, and R, are independently ethoxy, methoxy, or
trifluoromethoxy.

4. The pharmaceutical composition of claim 1 or claim 2
wherein R; and R, form together a 5-membered cycloalkyl
ring.

5. The pharmaceutical composition of claim 1 or claim 2
wherein R; and R, form together a 6-membered cycloalkyl
ring.

6. The pharmaceutical composition of claim 1 wherein Ry
is lower alkyl, optionally substituted by phenyl or substituted
pyridinyl.

7. The pharmaceutical composition of claim 1 wherein Ry
is H.

8. The pharmaceutical composition of claim 1 wherein the
compound is present in an amount effective to reduce viral
propagation of a virus in a patient when the compound is
administered to the patient in need thereof.

9. The pharmaceutical composition of claim 8 wherein the
virus is an RNA virus.

10. The pharmaceutical composition of claim 9 wherein
the virus belongs to the family of filoviridae.
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11. The pharmaceutical composition of claim 9 wherein
the virus is an Ebolavirus.

12. A method of treating a viral infection in a patient
comprising a step of administering the pharmaceutical com-
position of claim 1 to a patient under a protocol effective to 5
reduce viral propagation of an RNA virus in the patient.

13. The method of claim 12 wherein the RNA virus is an
influenza A virus.
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